Homocysteine is an amino acid which plays several important roles in human physiology and is an important biomarker for possible deficiencies of various vitamins (vitamin B 6 and B 12 , folic acid). In this work GC-MS method was used to determine the levels of homocysteine in the urine of autistic and healthy children. The levels of homocysteine in urine samples from 34 autistic and 21 healthy children were 2.36 ± 1.24 and 0.76 ± 0.31 (mmol• mol -1 creatinine), respectively. The higher level of homocysteine in autistic children may indicate deficiencies of folic acid and vitamins B 6 and B 12 in nutrition of these children. The results of this work were taken into consideration in the nutrition of autistic children treated in the Navicula Centre of Diagnosis and Therapy of Autism in Łódź (Poland).
INTRODUCTION
Autism is a complex metabolic disorder involving multiple organ systems, primarily immunological, gastrointestinal and neurological ones. Numerous factors causing autism have been proposed, among them nutrients, infections, genetic factors, and toxins (Chen et al., 2006) . Nutrition plays an important role in the development and behavior of autistic children. Autistic people have a high prevalence of gastrointestinal diseases and dysbiosis (White, 2003) . Amino acids eliminated with the urine, among them homocysteine, provide essential data about diet and the functioning of the alimentary system. Improper diet and poor condition of the alimentary system can have a strong influence on the enhancement of autism symptoms. In humans homocysteine is derived from methionine. Homocysteine is metabolised along two pathways: remethylation to methionine or transsulfuration to cysteine (Miller & Kelly, 1996; Bald et al., 2000; Zinellu et al., 2007) . A defect in either of these pathways leads to accumulation of homocysteine in the organism. Remethylation is a process which involves folic acid and vitamin B 12 . Transsulfuration involves vitamin B 6 . Thus, vitamins B 6 and B 12 and folic acid are necessary for lowering the level of homocysteine. Insufficient dietary intake of these nutrients can cause vitamin deficiencies which in turn can lead to increased homocysteine levels. Folic acid must be included in the diet because the organism cannot produce it (Surtees, 2001) .
The main purpose of this study was to find out whether there are differences between the levels of homocysteine in the urine of autistic and healthy children. So far, the level of homocysteine has been determined in the serum and plasma of autistic children Pasca et al., 2006) .
For quantification of homocysteine, gas chromatography/mass spectrometry was used.
MATERIAL AND METHODS
Chemicals and material. Ethanol was purchased from J.T.Baker, pyridine from Chempur, ethyl chloroformate from Fluka, chloroform from Lab-Scan, octadecane (IS) from Fluka, homocysteine from ChromaDex.
Overnight urine samples were collected at 9 am once a week, for up to three consecutive months, from 34 autistic children (4-11 years) who underwent rehabilitation at the Navicula Centre of Diagnosis and Therapy of Autism in Łódź (Poland) and from 21 neurologically healthy children (4-11 years). Urine was stored at -20 °C until analysis. The children were diagnosed as autistic using the criteria for ICD-10 (DSM IV).
Daily intake of nutrients was evaluated on the basis of seven-day diet, described in a report prepared by the parents. Nutrient values, among others folic acid and vitamins B 6 and B 12 , were calculated on the basis of literature data taking into account the portion size and dose of supplements (Kałużna-Czaplińska et al., 2009) .
Standard and sample preparation. Homocysteine needs to be extracted from urine samples and next derivatized before the chromatographic analysis. In this method homocysteine was derivatized and extracted simultaneously. Ten microlitre octadecane (100 µg • mL -1 ) was added as an internal standard to 0.5 mL urine sample which was then derivatized with 0.3 mL ethanol, 0.1 mL pyridine, 60 μL ethyl chloroformate and 0.6 mL chloroform. Vials were placed on an orbital shaker at room temperature (23 ± 1 °C) and shaken at 100 rpm for 10 min. The organic layer (2 µL) was injected to gas chromatograph/mass spectrometer.
The samples were analyzed as soon as they were prepared. The analysis of a batch of about 30 samples was completed within about 8 h.
Apparatus and chromatographic conditions. An Agilent Technology 6890 N Network GC System gas chromatograph with a 5973 Network Mass Selective mass spectrometer were used. Capillary column HP -5MS (30 m × 0.25 mm i.d., film thickness 0.25 μm) was installed in the gas chromatograph and its output fed di-* e-mail: jkaluzna@p.lodz.pl Abbreviations: GC/MS, gas chromatography/mass spectrometry; LC/MS, liquid chromatography/mass spectrometry; UV, ultraviolet; FD, fluorescence detector; MS/MS, tandem mass spectrometry; MS, mass spectrometry; DSM IV, Diagnostic and Statistical Manual of Mental Disorders; LOD, limit of detection; LOQ, limit of quantification; RSD, relative standard deviation; TIC, total ion chromatogram Vol. 58, No 1/2011 31-34 on-line at: www.actabp.pl rectly into the ion source of the mass spectrometer. The oven temperature was programmed from 110 ºC (1 min) to 180 ºC at 20 ºC min -1 and to 220 °C at a rate of 10 °C min -1 . Injector temperature was 250 ºC and transfer line 280 ºC. Helium was used as the carrier gas at a flow rate of 0.9 mL • min -1 . To confirm the mass fragments of the derivatives, data were obtained in the full scan mode in the scan range from m/z 50 to 500, and the selected masses (m/z) in the SIM (selected ion monitoring) mode for homocysteine were as follows: 56, 128, 234.
Creatinine concentration was determined chromatographically according to the procedure described in detail elsewhere (Kuśmierek et al., 2006) .
Validation method. The method was validated for recovery, precision, limit of quantification (LOQ), limit of detection (LOD) and linearity.
Linearity. Stock solutions of homocysteine for calibration curves and validation procedures were prepared by dissolving appropriate amounts of the compound in 0.1 mol/L -1 hydrochloric acid. The solutions were stored at 4 °C. Homocysteine concentrations in urine and dilution linearity were assessed by using calibration curves. Calibration curves were established with various amounts of homocysteine and a constant amount of octadecane was added as an internal standard. Extraction and derivatization were performed following the sample preparation scheme described above.
Precision. Precision was evaluated by calculating the relative standard deviation (RSD) at four homocysteine dilutions: 0.5, 1, 2 and 5 (µg • mL -1 ). The intra-day precision values were determined in six replicates at each dilution, and these replicates were processed independently.
Sensitivity. The limit of detection (LOD) is defined as the lowest concentration of an analyte which can be readily detected, but not necessarily quantified. LOD was determined as the lowest concentration giving a signalto-noise ratio of 3 for homocysteine. The limit of quantification (LOQ) is defined as the lowest concentration of an analyte which can be quantified with acceptable precision and accuracy. LOQ was defined as the level giving a signal-to-noise ratio of 10.
Recovery. Recovery was determined analysing urine samples to which known amounts of homocysteine (0.2 µg • mL -1 ) were added.
Statistical analysis. The statistical analysis of the results was carried out with the STATISTICA software programs version 9.0. The Shapiro-Wilk test was used to check for normal distribution of the data. The Mann-Whitney U test was used to compare mean values for homocysteine in the autistic and non-autistic children. The level of statistical significance was defined as P < 0.05.
RESULTS AND DISCUSSION
A typical, representative chromatograms (TIC-SCAN) of a urine sample from an autistic and a healthy child are shown in Fig. 1 .
Homocysteine is most frequently analyzed by liquid chromatography (LC) or LC/mass spectrometry (LC/ MS). Examples of a number of procedures in use are given in Table 1 . Generally they offer analysis time similar or shorter than does the GC/MS method used here and need lower sample volumes.
According to Myunga (1999) gas chromatographic assay methods have rarely been reported for homocysteine because of the incompatibility of thiols with the GC system. Homocysteine is highly polar due to its amine (-NH 2 ), carboxylic acid (-COOH) and thiol (-SH) groups and consequently can not be easily extracted from biological fluids using organic solvents. Derivatization is needed to increase its solubility in organic solvents and volatility for the GC chromatography. Several highly sensitive gas chromatography/mass spectrometry detection applications have been reported (Pietzsch et al., 1997; Ducros et al., 1999; Nekrassova et al., 2003) .
In this study, the relative standard deviation (RSD) for 0.5, 1, 2 and 5 µg • mL -1 of homocysteine was 9.7, 9.4, 8.9 and 7.2 (%), respectively, and the RSD below 10% indicate reasonable derivatization efficiency and stability. The limit of detection (LOD) was 0.06 µg • mL -1 and the limit of quantification (LOQ) was 0.20 µg • mL -1 . The calibration curve was linear over the range 0.2-5 µg • mL -1 and the correlation coefficient was 0.998. The analytical recovery was 93 % (repetition number, n = 6), which indicates a high reproducibility of the method.
To summarize, one can state that despite some advantages of HPLC methods, also those based on GC/MS can be successfully applied.
The mean values found for urinary homocysteine levels in the analyzed urine samples are listed in Table 2 . The average level of homocysteine in the urine of 34 autistic children was 2.36 ± 1.24, and for the 21 control children 0.76 ± 0.31 (mmol • mol -1 creatinine). Homocysteine values did not show normal distribution. There are significant differences between urinary homocysteine values in autistic and control children (P < 0.05). The level of urinary homocysteine for autistic children is therefore significantly higher than that for healthy ones.
Monitoring of homocysteine in various body fluids may give an information about possible deficiencies of various vitamins: B 6 , B 12 and folic acid (Nekrassova et al., 2003) . Refsum et al. (2004) discussed application of total homocysteine (tHcy) measurements in the diagnosis of folate and vitamin B 12 deficiencies in various psychiatric and neurologic disorders. High levels of homocysteine and oxidative stress are generally associated with neuropsychiatric disorders, such as autism (Chauhan & Chauhan, 2006; Suh et al., 2008) . James and coauthors (2004) indicated a generally decreased capacity for methylation, associated with low levels of plasma homocysteine in children with autism compared to controls. It was noticed that 80 % of autistic children were taking folic acid (800 μg daily) and vitamin B 12 (injection of 75 μg of the methylcobalamin/ kg) supplements prior to the beginning of the study and such a treatment could have decreased the level of homocysteine. Therefore the level of homocysteine (μmol • L -1 ) in the plasma of autistic and control children was found almost the same (5.8 ± 1.0 and 6.4 ± 1.3, respectively).
On the other hand, according to Pasca et al. (2006) the levels of tHcy in serum were significantly higher in autistic children (9.83 ± 2.75 μmol • L -1 ) compared to a control group of healthy children (7.51 ± 0.93 μmol • L -1 ). The B 12 vitamin levels (368.16 ± 154.64 pmol • mL -1 ), assayed only in the autistic group, were found to be suboptimal for seven children (of a total of 12) and lower for a further two of them compared to the age-matched reference ranges (nine children). The result of Pasca and coworkers are consistent with other observations of autistic children (Boris et al., 2004; Waly et al., 2004; Moretti et al., 2005) . These observations suggest that hyperhomocysteinemia might be present in autism. Our earlier research suggested that many autistic children had vitamin deficiencies caused by improper diets (Kałużna-Czaplińska et al., 2009 ). In the case of autistic children a specific diet is of great importance. Many children with autism spectrum disorders display substantial food selectivity (Ahearn et al., 2001; Williams et al., 2005; Paul et al., 2007) . The reasons for the too high concentration of homocysteine in their organisms are nutrientrelated deficiencies of folic acid, vitamin B 12 , or vitamin B 6 resulting in aggravation of some autistic symptoms.
This work shows that a higher level of homocysteine in the urine can be used as a marker of possible nutritional deficits. This relatively simple assay makes it easier to control the nutrition of autistic children. Its crucial advantage is that it does not require invasive procedures, such as those for plasma/serum collection, that are particularly stressful for autistic patients.
The results of this work were taken into consideration in adjusting the nutrition of autistic children treated at the Navicula Centre of Diagnosis and Therapy of Autism in Łódź (Poland) with a promising effect.
